Objectives. Pelvic lymphadenectomy is associated with a significant risk of lower-limb lymphedema. In this proof-of-concept study, we evaluated the feasibility of identifying the lower-limb drainage nodes (LLDNs) during pelvic lymphadenectomy for endometrial cancer. Secondary objectives were to map lower-limb drainage and to assess the diagnostic value of our mapping technique. Methods. This prospective study included patients with endometrial cancer requiring pelvic lymphadenectomy, without neoadjuvant radiotherapy or chemotherapy and without history of lower-limb surgery. A radiopharmaceutical was injected into both feet on the day before surgery. LLDNs were identified using preoperative lymphoscintigraphy and intraoperative isotopic probe detection, then removed before complete pelvic lymphadenectomy. LLDNs and pelvic lymphadenectomy specimens underwent separate histological analysis.
INTRODUCTION
Endometrial cancer is the most common gynecological malignancy in Western countries. Contrary to total hysterectomy with bilateral salpingo-oophorectomy, which is the recommended surgical treatment, the place of lymphadenectomy is currently under debate. Although recent randomized trials and a meta-analysis showed that pelvic lymphadenectomy had no affect on either overall or recurrence-free survival rates for patients with early-stage endometrial cancer [1] [2] [3] , the positive affect of both pelvic and para-aortic lymphadenectomy in patients with high-risk endometrial cancer has been clearly demonstrated [4] .
However, pelvic lymphadenectomy is associated with substantial intraoperative and postoperative morbidity, particularly lymphatic complications, including lymphocele and lymphedema. Although the risk of lymphedema has received little attention, the few available studies showed rates of up to 30% [5] [6] [7] , with major quality-of-life impairments [8 -10] . Pathophysiology of lymphedema has been demonstrated to be related to proximal obstruction of the lymphatic pathways [11] , primarily at the pelvic and inguinal lymph nodes [12] , explaining why surgical nodal staging contributes to these lymphatic damages.
To reduce the morbidity associated with lymphadenectomy, targeted lymph node sampling (or sentinel node biopsy) was recently evaluated in endometrial cancer. This technique consists of identifying the first node draining the tumor-that is, the node most likely to be metastatic. High detection rates and low false-negative rates were found [13] . The morbidity related specifically to sentinel node biopsy has not yet been assessed, but this technique has the potential to decrease postoperative morbidity. For instance, for patients with breast cancer, sentinel node biopsy has considerably decreased the risk ofarmlymphedema [14] .Indeed,themappingtechniqueusedto identify sentinel nodes has been applied to the detection of nodes draining the arms of patients with breast cancer, with the goal of preventing arm lymphedema in patients who require extensive axillary lymphadenectomy. This method, known as axillary reverse mapping, allows preservation of the lymphatic drainage of the arm [15, 16] .
We hypothesized that reverse mapping might be feasible for the lower limbs. Therefore, the primary objective of this pilot studywastoevaluatetheabilityoflymphoscintigraphyandintraoperativegamma-radiationprobeexaminationtodetectthepelvic nodes draining the lower limbs in patients undergoing surgery for early endometrial cancer. The secondary objectives were to describe the lower-limb drainage pathways in the pelvis and to assess the diagnostic value of our detection technique.
PATIENTS AND METHODS
This single-center prospective study was approved by our institutional review board and by our multidisciplinary board. Written informed consent was obtained from each patient before study inclusion. We included patients undergoing surgery for endometrial cancer between February 2009 and February 2010. At the time, the French guidelines recommended total hysterectomy with bilateral salpingo-oophorectomy and bilateral pelvic lymphadenectomy, irrespective of tumor stage and grade. Exclusion criteria were neoadjuvant chemotherapy or radiotherapy, contraindication to pelvic lymphadenectomy, past history of lower limb surgery, pre-existing lower limb lymphedema, and patient age older than 70 years.
Before surgery, a complete general and gynecological evaluation was performed to confirm the absence of lower-limb lymphedema. On the day before the procedure, a radiopharmaceutical (2ϫ60 MBq of Nanocoll (GE Healthcare SAS, Vélizy-Villacoublay, France) labeled with 99m Tc) was injected into the first interdigital spaces of each foot. Lymphoscintigraphy of the lower limbs was performed 45 minutes later to identify the pelvic pathways draining the lower limb. When no inguinocrural node was identified, a second scan was performed 3 hours later to look for late drainage. The lymphoscintigraphy images and report were available to the surgeon (Fig. 1A, 1B) .
The surgical approach was at the surgeon's discretion. During surgery, before and after opening the peritoneum, an isotopic detection probe was used to detect lower-limb drainage nodes (LLDNs) in the pelvis, including the first pelvic LLDN, usually located in the inguinal-iliac area, and the secondary LLDN (Fig. 2) . All the usual nodal territories were explored (ex- ternal iliac with the lateral, intermediate, and medial groups; common iliac; promontory; and para-aortic). Hot nodes were sampled electively and their locations were specified using the Marnitz classification scheme [17] . Pelvic lymphadenectomy was then performed. Hot nodes located outside the usual lymphadenectomy area were left in place, and the surgeon performed conventional ilio-obturator pelvic lymphadenectomy (from the umbilical artery to the pelvic wall, under the external iliac vein, and above the obturator nerve).
LLDN radioactivity was checked ex vivo, as well as the absence of residual radioactivity in vivo. Hot nodes were sent to the laboratory separately from the rest of the lymphadenectomy specimen and were examined separately from the cold nodes. Hot nodes were cut in two, then serially sectioned into five 250-m slices, of which four were stained with hematoxylin-eosin-saffron and one was analyzed by immunohistochemistry. Cold nodes were examined by standard staining of the cut surface.
Patients were followed up 3 weeks after surgery (postoperative follow-up) and later for their regular follow-up visit, according to the stage of the disease. Recurrences as well as complications were assessed. Lymphedema was evaluated by looking for the following symptoms: feeling of heaviness, aching or discomfort, swelling of legs, restricted range of motion in the leg, and hardening and thickening of the skin on the leg.
Statistical Analysis
The analysis included all the study patients who underwent the investigations needed to assess the primary objective. We determined the percentages of patients, with the 95% confidence intervals (CIs), in whom LLDNs were identified by lymphoscintigraphy and dissected during surgery. To assess our secondary objectives, we described the lower-limb drainage pathways in the common iliac and external iliac areas, and we computed the percentage of patients with metastatic LLDNs. The data are described as percentages or medians with interquartile ranges as appropriate. Analyses were performed using SAS software (SAS Institute, Cary, NC).
RESULTS
We prospectively enrolled 12 consecutive patients (Table 1) . Median age was 64.5 years (range: 56 -73 years). All patients had early-stage disease (International Federation of Gynecology and Obstetrics stage IA in nine patients and stage IB in three patients). The histological type was endometrioid adenocarcinoma in 10 patients (grade 1 in eight patients and grade 2 in two patients) and serous and endometrioid carcinoma in two patients. The surgical procedure consisted of total laparoscopic (two cases) or robot-assisted (10 cases) hysterectomy with salpingo-oophorectomy and pelvic lymphadenectomy.
Preoperative Pelvic Lower-Limb Drainage Node Detection
All 12 patients received intracutaneous injections of the radiopharmaceutical into both feet on the day before surgery. In two patients, lymphoscintigraphy was not performed for organizational reasons. Nine patients underwent preoperative lymphoscintigraphy on the day before surgery and one patient on the morning of surgery. Lymphoscintigraphy detected the nodes draining the lower limbs in all 10 patients (detection rate: 100%). All 10 patients had LLDNs in the inguinofemoral and pelvic regions. LLDNs were detected bilaterally in nine patients. Table 2 summarizes LLDNs location on lymphoscintigraphy.
Intraoperative Pelvic Lower-Limb Drainage Node Detection
Intraoperative detection using a handheld probe identified LLDNs in 10 (83%) of the 12 patients. Two patients had no LLDNs detected intraoperatively. These patients were respectively 54 and 68 years old. In both cases, lymphoscintigraphy had been performed on the eve of surgery, and one patient had a low dose of radiopharmaceutical (2ϫ25 MBq). Both patients had several bilateral pelvic LLDNs by lymphoscintigraphy. Intraoperative LLDNs detection was bilateral in eight patients. Both patients without bilateral intraoperative detection received a low-dose radioisotope (2ϫ30 MBq), but one of them had the injection and lymphoscintigraphy the morning of surgery. In this case, a new injection had been done following lymphoscintigraphy because preoperative detection was unilateral. The median operating time was 215 minutes (range: 201-210 minutes). Table 2 summarizes preoperative and intraoperative detection of LLDNs.
Location of Pelvic Lower-Limb Drainage Nodes
Of the 107 hot nodes, 106 were in the external iliac area, including 38 in the lateral group and 45 in the intermediate and medial groups. Location was not specified for the remaining 23 external iliac nodes. One hot node was in the common iliac area (Table 2) . 
Diagnostic Performance

Complications and Recurrences
No intraoperative or early postoperative complications occurred in relation to the LLDN detection technique. There were three early postoperative complications (one lymphocele, one hemoperitoneum, and one vaginal vault dehiscence). After a median follow-up of 27 months (range: 23-33 months), one patient had a lymphocele and a single patient (case 5) had lower-limb lymphedema 4 months after initial surgery. This patient had a relapse 8 months after surgery, with involvement of a common iliac lymph node and of the vaginal vault. She presented with bilateral preoperative and 
DISCUSSION
In this preliminary prospective study in 12 patients with early endometrial cancer, we used an isotopic technique to detect LLDNs located in the pelvis. Detection rates were 100% (10/ 10) for lymphoscintigraphy and 83% (10/12) for intraoperative detection. Both patients without intraoperatively detected LLDNs had LLDNs visible by lymphoscintigraphy. Of the 107 hot nodes, 106 were located in the external iliac area (38 in the lateral group, 45 in the intermediate and medial groups, and 23 at unspecified locations) and one was in the common iliac area. No metastases were found in any of the hot or cold nodes. The absence of nodal metastases probably reflects the early stage of the disease in our patients.
To the best of our knowledge, this technique has not been previously reported. Our results suggest that it may hold promise for preserving the lymphatic drainage pathways of the lower limbs, provided further studies confirm its good diagnostic performance. Sparing the LLDNs may decrease the risk of lower-limb lymphedema, which is associated with morbidity [8] , anxiety and depression [9] , decreased work ability, impairments in social and sexual function, a decrease in quality of life [10] , and additional health care costs.
Our study sought to identify LLDNs with the goal of subsequently allowing LLDN preservation during pelvic lymphadenectomy for gynecological tumors, in the same way that axillary reverse mapping is used to preserve arm lymphatic drainage in patients requiring axillary lymphadenectomy for breast cancer [15, 16] . For axillary reverse mapping, a dye or an isotope is injected into the arm. The nodes draining the arm are then readily identified. Studies showed that these arm drainage nodes were not metastatic, except in patients with massive nodal involvement. At the lower limbs, reverse mapping was recently described in seven patients with vulvar cancer [18] . Injection of a radioisotope into the tumor and of isosulfan blue into the thigh 10 cm below the inguinal ligament ensured the detection of nodes draining the lower limbs. In three patients, hot nodes were metastatic.
The lymphatic drainage of the lower limbs has been well documented. There are two networks, one superficial and one deep, which are separated by a fascia and remain completely independent of each other until they converge in the superficial popliteal and inguinal regions. At the anterior part of the proximal thigh, there are two groups of lymph nodes, a superficial inguinal group and a deep inguinal group. The superficial group drains into the deep group, which drains into the femoral canal together with the lymph from the pelvis. The circumflex iliac node is a direct intrapelvic extension of the deep inguinal group, through the femoral canal, and is in contact with the lateral group of external iliac nodes [19] . During pelvic lymphadenectomy for gynecological tumors, the intermediate group of external iliac nodes is removed, as well as the medial group and, in some cases, the lateral group. The intermediate group is located in the volume bounded by the pelvic wall and, therefore, the psoas muscle, under the external iliac vein, lateral to the umbilical artery, and above the obturator nerve.
Abu-Rustum et al., following their study of the lymphedema risk, pointed out a number of anatomic features of the lymphatic drainage of the pelvis and lower limbs [20] . The external iliac lymph nodes drain the ipsilateral leg, anterior abdominal wall, bladder, uterus, and vagina. The medial group of the common iliac nodes drains the pelvic viscera, whereas the lateral group drains the lower limbs and pelvis. The most distal external iliac nodes, known as the circumflex iliac nodes, are almost consistently present and are typically large because they contain an abundance of adipose tissue. The circumflex iliac nodes are routinely removed during pelvic lymphadenectomy, although they are usually free of metastases. Studies have shown that circumflex iliac nodes never contained metastases in patients without metastatic node involvement at other sites [21, 22] . The circumflex iliac nodes, also called distal external iliac nodes, lateral deep inguinal nodes, and suprainguinal nodes, may be a direct extension of the deep inguinal Cloquet nodes draining the lower limbs. Therefore, their removal may contribute to the occurrence of lower limb lymphedema [23] .
Numerous cadaver and surgical studies have assessed the location of the sentinel nodes of uterine cancers, and none showed metastases in the inguinal or circumflex iliac nodes. In a retrospective study of 508 patients with intermediate-or high-risk endometrial cancer requiring bilateral pelvic lymphadenectomy and para-aortic dissection, only 2.8% of patients had circumflex iliac node involvement; furthermore, none of the patients with grade 1 or 2 disease and negative pelvic nodes had positive circumflex iliac nodes. These data suggest that leaving the circumflex iliac nodes in place to reduce the lymphedema risk may be safe [22] . Our study has several limitations. It is a single-center feasibility study in a small number of patients who were at low risk for node metastases. Future studies should include patients at high risk for node involvement. Furthermore, LLDNs were found in territories containing nodes for the pelvic organs and not specifically in the circumflex iliac territory. This point is crucial and suggests that the role ascribed to the circumflex iliac nodes in draining the lower limbs may be a misconception. Further studies are required to improve the technique. The injection of blue dye into the uterus may allow differentiation of the tumor drainage nodes (blue Ϯ hot) from the LLDNs (hot).
CONCLUSION
We conducted a pilot study to assess the identification of LLDNs in patients with endometrial cancer. The results show that the techniqueisfeasibleandsafeandthatitprovidesahighdetection rate. Further studies are required to confirm the good diagnostic performance of the technique. If confirmed, this technique may improve the pelvic lymphadenectomy technique for gynecological cancers by allowing the preservation of LLDNs, thereby decreasing the risk of lymphedema.
